Abstract -6-Oxo-isophorone is demonstrated to be an ideal starting material for the synthesis of numerous carotenoids possessing cyclic endgroups, including some arene-and cyclopentane-analogs. According to the generally adopted scheme
INTRODUCTION
Upon analysing the hitherto published syntheses of carotenoids with cyclic endgroups (see e.g. Refs. 1-2), a large number of different strategies are encountered. Our conclusion Is that preformed intermediates of a convergent scheme should be connected to the reactive polyene only at the very end of the synthesis. Furthermore it becomes clear that functionalization of a ring already bearing an olefinic chain fragment is mostly rather detrimental or needs expensive conditions or reagents, respectively. Based on these considerations we decided to establish a generally applicable scheme requiring only minor modifications for the synthesis of most of the carotenoids possessing cyclic endgroups (Refs. 1-2). to build up C15-components 2 according to the scheme C9+C6C15. This might be due to former drawbacks of this approach. The hydroxy group of this interesting C6-building block can, however, easily be protected as an acetal using e.g. isopropenyl methyl ether as reagent (Ref. 7) . The lithium salt of 5 adds almost quantitatively to the sterically hindered keto group of most of the ring components 4. Acetylenides of other metals, as well as common Grignard reagents, are less suited for this purpose. Furthermore, phosphoranes do not react in principle (Ref. 8 ) with sterically hindered ketones of type 4. For these cyclic precursors we have developed a set of efficient reactions leading to the specific functionalization of almost any target carotenoid. As common starting material for all these intermediates 6-oxo-isophorone has been chosen. This versatile compound, possessing the essential keto group at C(6), is readily accessible by air oxidation of isophorone, a condensation product of 3 molecules of acetone, either in 1 (Ref. 9) or 2 (Refs. 10-li) steps.
Commenting now on the conversion of 6-oxo-isophorone 6 into a representative set of carotenoids with cyclic endgroups I will first discuss the preparation of totally deoxygenated synthons and then proceed from 2-oxygenated to 4-oxygenated ring synthons. As special cases accesses to the allenic, aromatic and the nor-series will also be discussed briefly. Since the problems of converting the cyclic ketones 4 into the oiefinic c15-phosphonium salts 2 are closely related to the substitution pattern of the ring, the transformations leading to the C15-salts will be included in these discussions. Some general remarks on the final double Wittig condensations of the C15-Wittig salts 2 with the C10-dialdehyde 3 will be made at the end of my contribution.
DISCUSSION
Desoxy synthons (scheme 2; Ref.
12) pose as main problem the deoxygenation of 6-oxo-isophorone 6 in 3-position. Raney-nickel hydrogenation of 6 leads almost quantitatively to the hydroxy-ketone 2 which can be dehydrated easily in the presence of a catalytic amount of acids like p-T5OH. The resulting mixture of unsaturated ketones 8 can be catalytically (e.g. Pd/C) hydrogenated to yield the trimethylcyclohexanone 9. The lithium salt of 5 in THF adds to 9 in high yields, leading to the C15-intermediate . Under normal conditions, dehydration of the tertiary alcohol occurs only with moderate success or requires selective protection of the primary alcohol. In 1N N2S04 at 70°C, however, the dehydration takes place smoothly to give the C15-monoalcohol 11. En-yne systems of this type can readily undergo E9Z isomerization. For this reason compound 11 is obtained as a (9E)/(9Z)-mixture and affords the pure (9E)-phosphonium salt 12 only in a moderate yield after successive treatment with conc. HC1 and triphenyiphosphine in ethylene chloride. Whereas sterically hindered acetylenes such as the C15-alcohols of type 11 undergo semihydrogenation unselectively, acetylenic Wittig salts like 12 can easily be hydrogenated to the (7Z)-derivatives in the presence of Raney-nickel. The (7Z)-Wittig salt 13 may be used for the preparation of (7Z)-isomers of 13,13-carotene and vitamin A. On treatment of the (7Z)-salt 13 in boiling methanol with catalytic amounts of Pd(OAc)2 7Z-'7E isomerization takes place, thus leading to the (7E)-isomer 14, which has been prepared earlier (Ref. 13) starting from 13-ionone. As an interesting extension of this series, the isomeric mixture of the unsaturated trimethylcyclohexenones 8 can be isomerized using RuCl3/NEt3/PPh3/H2 at 160°C or Pd(OAc)2/PPh3 at 145°C to pure j (see scheme 5 ) but also to a certain extent to the allenic side product jQ. This compound can be prepared in a better, but still rather low yield via the carbonates 103 and 104.
Interestingly, such a 1:1 mixture is formed almost quantitatively upon in situ treatment of the lithium alcoholate in THF with ethyl-chloroformate. Rearrangement to the 2-hydroxylated C15-allene 105 proceeds in wet THY, catalyzed by p-T5OH, at room temperature. Successive treatment with PPh3'Br2/collidine and PPh3, respectively, leads to the phosphonium bromide The acetylenic dienol (see also scheme 9) and Its (7E)-oleflnic analog 118, which can be prepared from the dienone 29 by combined alkynylation and reduction with Redal (see e.g. comments on scheme 4), undergo the Amberlyst-15 catalyzed dienol-'benzene rearrangement in acetone/water already at room temperature. Formation of the wittig salts 117 and 120 from the parent allylic alcohols proceeds smoothly whith 63 % HBr and PPh3 (see e.g. comments on scheme 4). In analogy to the 6-ring series (see scheme 7) nor-oxo-isophorone 121 can be oxidized with H202 in aqueous NaOH to the hydroxy-diketone j. Hydrogenation of the corresponding sodium salt in the presence of Raney-nickel in methanol or electro-reduction gives, selectively and in high yield, the dihydroxy-ketone In contrast to the 6-ring series 124 does not form a cyclic acetonide. However, protection of the dihydroxy moiety can The final Wittig condensations (scheme 14) according to the general strategy (C15+C10+C15=C40) proceed principally in high yields. The wittig salts (WS) must be added in slight excess, otherwise some mono-olefination product is formed. The reaction is best carried out in ethanol with butylene oxide as the HX acceptor. Only in special cases better results are obtained with sodium methoxide/methanol in methylene chloride. The crude product must be isomerized in a boiling solvent, from which the best crystallizing and thermodynamically preferred compound, namely the all-trans-isomer, precipitates. The yields of such wittig reactions, however, may be decreased under certain circumstances: If e.g. triple bonds are present in the 7-and 7-position the 9,9'-dicis-isomer is often thermodynamically more stable and tends to crystallize together with the all--isomer or even as the pure compound. For this reason isolated yields and purities of acetylenic carotenoids are often somewhat lower. Poor results are obtained also if the wittig salts 2 or the final carotenoids are unstable as is the case in the allenic series or if specific (E)/(Z)-isomers are to be synthesized. As outlined in the introduction, reactions on the final carotenoid should, whenever possible, be avoided. However, some exceptions are indicated in scheme 14 'y' 
